The mean annual prevalence at birth of congenital malformations of the central nervous system for the three years in 48 local authority areas in South Wales was negatively correlated (r = -0X402, P<001) with estimates of the mean total hardness of the related water supplies.
Introduction
There is good evidence that environmental influences must play some part, possibly a major part, in the aetiology of neural tube malformations in the human embryo. Almost all that evidence, however, relates to non-specific and uncertain markers of as yet unidentified specific teratogens. For example, the frequency of malformations of the central nervous system varies greatly from country to country (Penrose, 1957; Stevenson, Johnston, Stewart, and Golding, 1966) . It also varies from area to area within countries: in the United States for the period 1950-9 mortality from spina bifida was two to three times greater on the Atlantic coast than on the Pacific coast (Hewitt, 1963) ; in South Wales the frequency of central nervous system malformations in the coal-mining valleys is almost twice as high as in the coastal plain (Laurence, Carter, and David, 1967) ; in England and Wales as a whole the frequency is highest in the north, the north-west, and Wales and lowest in the east, south-east, and south (Rogers, 1969; Stocks, 1970) . It is higher in first-born than in later born infants and in infants born to young and old mothers than to mothers in mid-reproductive life (Record and McKeown, 1949; Record, 1961; Rogers, 1969) . It is higher among infants born in the poorer than in the well-to-do strata of society (Anderson, Baird, and Thomson, 1958; Edwards, 1958; Laurence, Carter, and David, 1968) . It tends to be higher among winter than among summer births (McKeown and Record, 1951; Edwards, 1961; Record, 1961; Slater, Watson, and McDonald, 1964; Leck and Record, 1966; Rogers, 1969) . Striking secular swings in frequency have been reported in Birmingham, Scotland, Dublin, and Boston (Leck, 1966; Leck and Rogers, 1967; MacMahon and Yen, 1971) . Penrose (1957) seems to have been the first to speculate that "the geographical variations observed in the incidence [of anencephalus] might suggest a ... causal agent, such as the presence or absence of trace elements in the water supply." This suggestion has been taken up by Fedrick (1970) . She related data on anencephalus for 10 different areas in the United Kingdom (from 10 different studies and relating to 10 different time-periods) to information about the water supplies of those areas obtained from various sources. Despite such manifestly unsatisfactory data she found that the frequency of anencephalus was significantly related to measurements of the total hardness, calcium content, and pH of the local water supplies. Stocks (1970) examined the mean annual death rates (stillbirths plus infant deaths) for congenital malformations in the 15 hospital regions of England and Wales. Mortality rates were highest in the north and the west and lowest in the south-east. Having observed that mortality from cardiovascular disease followed much the same regional pattern, he proceeded to correlate death rates from congenital malformations in the 15 regions with death rates of women aged 25-54 from certain causes in the corresponding regions. He found that mortality from malformations of the neural tube correlated very closely with mortality from the cardiovascular diseases (the correlation coefficients all exceeded 0 8), whereas other malformations produced insignificant negative correlations. He concluded that because mortality from cardiovascular disease in the county boroughs of England and Wales has been shown to be strongly associated with softness of their water supplies (Crawford, Morris, 1968a, 1968b) , a water factor might possibly be responsible for the regional variations of mortality from central nervous system malformations.
In this paper, and against this background, we relate area differences in mortality from malformations of the central nervous system in South Wales to estimates of the hardness of the water supplies in these areas. We also present new data on perinatal mortality from anencephalus in the county boroughs of England and Wales and relate them to estimates of the hardness of their water supplies.
Sources of Data SOUTH WALES
For the three years beginning 1 January 1964 we have collected information about all the infants bom to women resident in a defined area in South Wales and about all the congenital defects identified in that birth population. The scope of this investigation and the methods used have been described in detail elsewhere (Richards and Lowe, 1971 
Results
The data in Appendix A are presented in Fig. 1 15 MAY 1971 is an obvious tendency for malformation rates to decrease as the hardness of the related water supplies increases and the correlation coefficient (r = -0402) is significant at the 1 % level. Though malformations of the neural tube are among the commonest of the major congenital defects, they are still not common enough to permit a more detailed analysis of their frequency in relation to the hardness of local water supplies without some grouping together of the small local authority areas. This we have done, largely on a geographical basis, to give eight areas with substantial birth populations (see Appendix A). Estimates of mean water hardness have been made for the grouped county areas (three in Glamorgan and two in Monmouthshire) from the hardness indices given by Hart (1970) for each of the constituent small local authority areas, making allowances for the varying proportions of births in those areas. It should be noted that the association between all C.N.S. malformations and water supplies is at its most significant level for the non-manual social classes among whom the frequency of neural tube malformations is lower and whose standard of living and general way of life probably varies less from area to area than that of the manual social classes.
Finally we have calculated the correlation coefficient of anencephalus perinatal mortality rates in 58 county boroughs of England and Wales (provided for us by the Registrar General) with estimates of total hardness and of calcium content of the local water supply taken from data published by Gardner et al. (1969) . Here again there is some indication of a trend in the scatter diagram (Fig. 3) examine the relation between central nervous system malformations and social class for the whole of South Wales. There is, indeed, evidence of a social class difference, but the difference is more a dichotomy than a gradient. The in:idence of all C.N.S. malformations, anencephalus, and spina bifida is consistently lower among non-manual workers (social classes I, II, and III non-manual) than among manual workers (social classes III manual, IV, and V). In Table III we have correlated the frequency of all C.N.S. malformations, of anencephalus, and of spina bifida with water hardness in our eight large birth populations, subdivided into non-manual and manual classes. Once again the correlation coefficients are consistently negative. correlation coefficients. With total hardness as the index the correlation coefficient is -0-220; with calcium content it is -0-289 (P<005).
Discussion
We have found some evidence of an inverse relation between the frequency of malformations of the central nervous system and the hardness of the local water supplies, in the sense that hard water areas tend to have lower malformation rates than soft water areas. In South Wales reliable data on malformations and less reliable data on hardness of water supplies gave a correlation coefficient of -0-402 (P<0-01). But in South Wales the poorer areas (notably the coal-mining valleys) tend to have If there is, in fact, a negative association between the frequency of central nervous system malformations and hardness of the local water supplies, the problem is to determine whether there is a "water factor" in the aetiology of those malformations (causal) or whether the association is no more than a reflection of a third factor to which both the frequency of malformations and water hardness are independently related (secondary). The same problem arises in respect of the negative correlation of mortality from cardiovascular disease with water hardness. It seems unlikely, however, that some unknown local factor could be producing a secondary association between cardiovascular mortality and water hardness in countries as diverse as Japan, U.S.A., Sweden, and U.K. For this and other reasons Crawford et al. (1968a) consider that a causal water factor is probably involved. It is curious, however, that Crawford et al. found that infant mortality, death rate from bronchitis, and death rate from all causes less cardiovascular disease and bronchitis also had significant negative correlations with water hardness, though to a lesser degree. Some at least of these associations must be secondary.
At this stage we think it likely that the association we have found, if confirned, may also be a secondary one. Certainly in South Wales the less prosperous areas tend to have the softest water supplies, and the correction we have been able to make for this is inadequate. It is possible, therefore, that in our investgiation hardness of water supplies is no more than an uncertain pointer to some as yet undetermined specific teratogen in the non-specific poverty complex.
The relation between mortality from cardiovascular disease and water softness is now believed to be causal, but so far there is no acceptable explanation of the mechanism. If there should eventually prove to be a water factor causally involved in the aetiology of malformations of the neural tube, a satisfactory explanation of the mechanism is likely to be even more elusive. Among the questions that would need to be answered are: does the water factor operate immediately, possibly by inducing a teratogenic metallic contaminant or trace element, or is a long exposure required to effect some change in the maternal chemistry? and is there a protective factor in hard water rather than a teratogenic factor in soft water? There is also the difficulty that the prevalence at birth of central nervous system malformations may bear little relation to the incidence -that is, the attack rate-early in pregnancy. These malformations are triggered off soon after conception (normally the neural tube is closed at four weeks) and there is almost certainly a high early embryonic mortality. It would therefore need to be borne in mind that a hardness factor might possibly be augmenting that early mortality, thereby decreasing the point-prevalence at birth. There is little point in pursuing these speculations any further. What is needed is confirmation or refutation of the negative association between neural tube malformations and hardness of local water supplies by an analytical type of epidemiological study-that is, by a comparison of tap-water from the houses of women who give birth to malformed infants with tap-water from the houses of controls who give birth to normal infants. 
